GENERAL anesthetics were first employed by Jackson and Morton (1846) . Only a few years afterwards the use of ether and chloroforin became so common that scarcely a review of clinical surgery of that time fails to record the experiences of surgeons with these anmesthetics. The enthusiasm of the medical profession for general anaesthesia increased, the more evident it became that the patients' objections to surgical treatment were now done away with to a great extent, and in this way the field of surgery could be greatly extended.
Let it be said, however, to the great credit of the then living professional men, that they did not adopt the new method without a certain amount of hesitation. Both anesthetics just mentioned are poisons, and not only would many soon come to the sad experience that a patient submitting to an operation under most favourable conditions died under chloroformn, but also after the operation there were inexplicable cases of death which were attributed to the anaesthetic. As early as 1849 Giralde cites two cases in the Gazette des h6pitaux, in both of which he assumed that death followed from poisoning by chloroform and ether. Langenbeck likewise, in 1850, quotes a case in which, from a postmortem examination, he attributed the fatal issue to chloroform; he therefore adopted the term " chronic chloroform poisoning," to distinguish it from the direct fatal effects of chloroform.
From this time forward the subject is dealt with more extensively.
Sabarth mentions already 119 cases in 1866. But these statistics were MH-1 of little value, for, as Sabarth himself admits, only forty-eight cases could stand the test of criticism. As, however, amongst this number there were cases in which no post-mortem examination, or only a superficial one, took place, and, moreover, since a microscopical examination was made in not more than nine cases, it stands to reason that this cannot be accepted as evidence for the fatal after-effects of chloroform, much less can there be question of a clinical and anatomico-pathological concept.
For a quarter of a century after this little or no attention was given to the points raised in connexion with the fatal after-effects of chloroform. The state of the question in 1890 is typically illustrated by the two following facts: In that same year a book by the well-known French physiologist Dastre, "Les Anesthetiques," was published; his otherwise complete treatment of the application and physiology of anesthetics makes no reference whatever to the fatal after-effects of chloroform. In the course of the same year (1890) a Berlin professor wrote, with every appearance of truth: "One glance at the current literature of the subject suffices to show conclusively that in these cases (chronic chloroform poisoning) the only cause of death was either a severe operation followed by high pyEemic fever or collapse."
The credit of arousing fresh interest in a question of such deep importance in medicine falls to Bastianelli and Fraenkel. Their treatises on the subject were followed up by a whole series of investigations, which for the most part bear evidence of careful study. Many even extended their researches to animals for a solution of the many problems which the after-effects of chloroform presented.
No convincing answer, however, can be found in the very extensive medical literature to the question, what is the real cause of death in cases of chronic chloroform poisoning? Opinion varies very much amongst those who have tried to solve the problem, and this diversity of opinion must be attributed to the very striking want of uniformity of research, both as regards method and also material. Experiments in which rabbits were twice chloroformed for a space of two hours each time, without any fatal result (Heintz), bear no comparison with experiments in which eight other rabbits after half an hour's chloroform (Offergeld) died, all succumbing on the same day. Much less can we compare the results obtained by Nothnagel, who injected chloroform, with the observations of Stommel, who placed the animals in an atmosphere of chloroform, without the anfesthetic producing narcosis. Nor could Auburtin come to any definite result in his experiments; " in fact, hepatic lesions consequent on inhalation, even repeated, are fairly difficult to produce in the rabbit."
Nevertheless there seems to be a general consensus of opinion that the liver is the one organ which shows the most constant changes, although Ostertag and Offergeld, for instance, held the change to be infiltration of fat, and not fatty degeneration. Sally Jacobi noticed no change in the kidneys, while Offergeld, on the other hand, attributed all to degeneration of the kidney, and Heintz and Strassmann and Ostertag traced the cause of death to the heart. Wherever other organs than the liver, kidneys, and heart were subjected to examination (Ostertag and B. Muller) it became evident that they were not the seat of pathological processes, which might be looked upon as causing severe illness in animals.
As anatomical and pathological investigation of the results of these experiments gave scanty satisfaction, I wanted to see, by administering chloroform to animals under precisely the same circumstances as in our hospitals, how far I was justified in locating the cause of postnarcotic illness in one of the above-named organs. My first idea was to adopt, as nearly as possible, all the precautions usually taken in preparing patients for the ancesthetic. The animals were left without food for about twelve hours before administration. They were then strapped down and the ancesthetic given jtist as in the hospital. Administration was by means of drops, and 30 c.c. aneesthetic were given on an average for two hours' narcosis, 15 c.c. for one hour. The almost fixed quantity which I administered with success to the rabbits would prove that to determine the dose when applying drops does not appear impossible. All the animals in the first stage of narcosis held their breath on smelling the chloroform, and this period of narcosis was in consequence usually very protracted; on an average it lasted ten minutes before the reflex motion of the cornea disappeared. I tried, as far as possible, to keep the animal in the one condition, in which the corneal reflex disappeared and returned alternately, and the animals showed absolutely no reaction on being severely pinched. If, however, the corneal reflex disappeared for a time, and the pupil dilated, breathing became superficial and death was imminent. In one case only could we revive the animal by artificial breathing. If an examination was made immediately after breathing had ceased the heart was always found to be still beating.
The tongue frequently presented, in experiments carried out on animals, the same difficulties in breathing which are met with in dealing with human cases. I have often prevented serious cyanosis by drawing the jaw forward, or by extending the tongue. Finally, the excessive secretion of saliva at the end of narcosis was often a cause for anxiety; it was then found necessary to constantly cleanse both ,mouth and throat (with a small ball of cotton-wool).
Of the twenty-five animals which I chloroformed, eight died of the after-effects of the anesthetic. Eight were killed at different periods to study the various processes of change which took place. Of the ten animals that were kept under chloroform for an hour, two died; one appeared to suffer from myocarditis. I confined my anatomnico-pathological examination chiefly to the liver, kidneys and myocardium. Portions of these organs were removed; some were placed in a 10 per cent. solution of formalin, some in Fleming's fluid. The latter were left in the fluid for three or four days, then washed in water, and finally put in spirit. They were then enclosed in the usual way in celloidin. The preparations of formalin were coloured with h.ematoxylin-eosin, the rest with saffranin. To give a clear idea of the pathological changes after the administration of chloroform to rabbits we shall consider first the eight animals which died after the narcosis. The following table gives a general view of the alterations observed in the organs:- In the last six specimens of this table a microscopical examination of the liver gave almost uniform results. Proceeding from the periphery to the centre three zones, clearly distinct from each other, were observed in the acini. The parenchyma of the most peripheral zone was almost normal; the cells retained their normal shape, and contained only a few droplets of fat. The nuclei were often doubled and showed no signs of degeneration. The droplets of fat gradually increased towards the centre, finally filling the whole cell-body, in the middle of the central zone. The nuclei, as far as they could be seen in the large and small droplets of fat, were pale; the form, too, of the cell was changed, becoming spherical. Here signs of degeneration were observed for the first time, and they became more conspicuous towards the centre, u'ntil they reached the state of necrobiosis in the central zone. There we found portions of plasma without nuclei, coarse and granulated, disintegrated droplets of fat, debris of nuclei with some leucocytes and erythrocytes in hopeless confusion. As for the fat itself, one would say the cells had given out their supply, for the droplets were floating in the mass of detritus.
The various preparations taken from the parenchyma of the kidney and of the myocardium showed marked differences, in contrast with the uniformity of the liver preparations. Changes were found most constantly in the tubuli contorti of the kidneys; the nuclei were, with few exceptions, paler than in ordinary circumstances, and the cells contained some droplets of fat at their base. Two specimens had granulated cylinders in their tubuli. The tubuli recti, beyond a little fat in some specimens, showed no signs of degeneration. There was no apparent change in the glomeruli, except in one case; the epithelium of Bowman's capsule in this case was here and there separated, and the cells were somewhat swollen. Changes in the heart were even less conspicuous than in the kidneys. One case only presented dissociation of the-myocardium; in general, degeneration was confined to a more marked appearance of the longitudinal stria when compared with the transverse. The lungs of the three specimens were then examined, but only one case showed any alteration, and that was the eighth and last animal, which died a hundred hours after narcosis. The degeneration of the kidneys and heart was also much more conspicuous in this case. No alteration was observed in the transversely striated muscles, spleen, and spinal marrow. I should add, however, that in the case of the animal which died three hours after the administration of chloroform, chronic myocarditis was evidently the chief cause of death, for before chloroform could have had any after-effect upon the organs the heart had probably ceased to function under the direct* influence of the poison.
In order that the process of degeneration in the liver might be taken at different stages after narcosis eight rabbits were killed. We might add to the list the fourth rabbit mentioned in Table A . This animal died twenty-four hours after narcosis, just when a second administration of chloroform was being made.
The process of degeneration in the liver could be clearly followed in the specimens of the table given above. The livers of the first two rabbits showed no change in the parenchyma cells. The endothelium cells, however, contained droplets of fat of unequal size. Of the specimens examined after twelve hours, the liver cells in one case presented mostly vacuoles, and the nuclei near the vena centralis had absorbed less colouring material (here a Fleming preparation was not at our disposal). In the other case all cells, even the endothelial cells, contained droplets of fat: here, too, the nuclei near the vena centralis were paler than elsewhere.
The above-mentioned zones were very clearly seen in the animals examined after twenty-four and forty-eight hours. We can, then, easily suppose that this marks the stage of degeneration in the liver reached by those rabbits which died after narcosis. The degeneration, however, was not so far advanced in the specimens of the second table (B) as in those of the first table (A). Only the seventh specimen in the second table showed symptoms which agreed perfectly with those of animals in the first series.
The experiments, however, furnished very few characteristic data from a clinical standpoint. After the administration the animals remained stupefied in their boxes and ate little. The urine presented an albuminous reaction in the seven cases which were examined. In three cases the reaction was marked, in four very slight. Cylinders were met with in only two cases; but the urine was never dark in colour, nor was there externally visible icterus (jaundice). In one particular instance the animal passed through a state of delirium, dying one hundred hours after narcosis. The liver, kidneys and heart were in a far-advanced stage of degeneration, but necrosis was observed only in the liver. But what *was strongly in evidence in all these experiments was the parenchymatous change of the liver, so much so that, as far as my specimens were concerned, there could be no doubting which organ was mostly affected and caused death.
The after-effects of chloroform have been so far traced chiefly either to the degeneration of the kidneys or to a toxEemic condition following the retention of acids. Few solid arguments can be advanced, from a clinical standpoint, in support of degeneration of the kidneys. It is true statistics are quoted in which the percentage of post-narcotic albuminuria rises as high as 30, 40, or even 100, but no one has ever seriously inferred-from these figures that the effect of chloroform on a healthy kidney is so destructive as to really cause death.
Experimental research gives different results. Offergeld confined his observations almost exclusively to the kidneys, and invariably found after narcosis fatty degeneration of the kidney. The results of Sally Jacobi are in flat contradiction to this opinion, and his researches could never bear out the theory of advanced degeneration. We could find in one case only a state of degeneration worth mentioning, which, however, could not be compared in any way with the destruction seen in the liver.
Then take toxaemia. Briefly, this is acid intoxication, which English and American authors prefer to accept as the explanation of postnarcotic symptoms. By acid intoxication is understood that form of acidosis in which clinical symptoms of poisoning occur. Coma diabeticum is now generally considered as an acid poisoning; in fact, the alkalescence of the blood strongly diminishes. Butylactic acid is strongly in evidence. Acidosis is a common symptom in diabetes. Patients can continue for months in a comparatively good state of health with a fairly high percentage of acid in the blood. The acids (butylactic and diacetic acids) which are found in the blood are at present considered (Lbwy, Magnus-Levy) as intermediary products of fat disintegration arising from incomplete combustion of the fat. This acidosis appears in various circumstances, such as fasting, abstaining from carbohydrates, in different states of fever, in poisoning by phosphorus, in eclampsia after the administration of anaesthetics. In coma diabeticum alone acidosis is generally assumed to have developed into acid intoxication. The quantity of acetone in the urine (butylactic acid, diacetic acid, and acetone) increases rapidly, and the amount is as much as 40 gr., even 140 gr., in the twenty-four hours.
There can be no doubt that acetonuria is present in conjunction with narcosis. The statistics of van Becker, Waldvogel, Telford and Falconer have established that point. Becker found acetonuria in 167 out of 251 cases examined, while Telford and Falconer found it 105 times in 118 instances. Both agree that the nature of the anesthetic and its duration exercise no influence on the grade of acetonuria. The amount of acetone after narcosis varies from 20 to 60 mg. per 100 c.c. of urine (Beesley); but this quantity bears no comparison with the volume found in comna diabeticum. Bainbridge, in his general considerations on the pathology of acid poisoning, says in the chapter devoted to post-anaesthetic acetonuria: "I have found in other conditions, in which no symptoms of acid intoxication were present, an amount of acetone equal to that observed in cases of post-aniesthetic acetonuria." He, too, considers acid intoxication improbable. In this connexion it is well to quote the words of Magnus-Levy. After mentioning the great percentage of acetone in the urine in cases of coma diabeticum in which the daily percentage was observed to rise to 40even 140-gr., he says: " What may we not infer from these cyphers when some authorities already draw such far-reaching conclusions from an increase or a decrease of the acetone limited to a few centigrammes."
Bainbridge rightly observes that chloroform poisoning in animals presents many similarities -to phosphorus poisoning. In fact, both present, from a clinical and anatomico-pathological standpoint, sufficient points of resemblance to consider them under the same head. Seeing that Lbwy, in Van Noorden's Handbook, concludes his chapter on chloroform with the observation that the chemical symptoms of chloroform poisoning are fully analogous to those poisons which-as prussic acid, phosphorus, &c.-destroy the oxidizing activities even of the cells, then we might safely argue that acetonuria-or, better, acidosisproduces no greater result than in cases of poisoning through phosphorus, which either from its specific effect on the liver, or otherwise, causes a disturbance in the whole process of anabolism, but particularly in the oxidation of fats. Following the researches of Arnheim, glycogen disappears from the liver under the influence of chloroform, just as in poisoning by phosphorus, and thus the condition for the appearance of acetone-viz., the removal of carbohydrates-is brought about.
How important is the part which the liver takes in the formation of acetone is proved by the experiments of Van Embden and Kalberlah. They found that the liver was the only organ which formed acetone in the blood, whenever they allowed blood to flow through the organs immediately after death.
These considerations on toxaemia naturally bring us back to the liver, the one organ which, in almost all cases known in the literature of the subject, shows destructive changes: some even go so far as to speak of acute post-anaesthetic yellow atrophy of the liver (Bandler, Horsfall and Campbell). And experiments strengthen this conviction: not only do histological researches lay bare material destruction of the parenchyma of the liver, but chemical analysis of the urine and investigation of the changes which took place in metabolism, in several animals submitted to chloroform, led Noel Paton to the conclusion that this is exclusively due to a diseased condition of the parenchyma of the liver. This process is usually described as fatty degeneration of the parenchyma, with necrobiosis extending peripherally. And these changes are not confined to animal specimens, for patients dying from the effects of chloroform present the same symptoms. The course of the disease in these particular cases can be traced from the animal specimens examined at different periods after narcosis. Where animals were examined immediately after administration the parenchyma of the liver showed no change; twelve hours later all the cells were found to contain a greater percentage of fat; after twenty-four hours the fat was no longer equally distributed-the zone near the vena centralis was rich in fat, while the percentage of fat decreased gradually towards the periphery; the central zone showed evident signs of necrobiosis, pyknosis, karyorrhexis, chromatolysis, and karyolysis. ILater, the central zone is found to be entirely destroyed. The cells are disintegrated, the droplets of fat disappear. The peripheral cells, beyond a moderate supply of fat, show no signs of deterioration. The middle zone is noticeable for its percentage of fat, a percentage which increases from the extremities towards the centre, while the process of degeneration proceeds in the opposite direction.
What relation is there between the appearance of fat in the liver cells and the process of degeneration which these cells undergo ? Let us first see how fat originates. Rosenfeld's experiments show that the increase of fat in the liver after the administration of chloroform is supplied from the adipose tissue of the organism; and this becomes all the more evident from the fact that, as Reicher proves, lipeemia follows upon narcosis. And my own experiments fully bore out this point.
Under what circumstances does the adipose tissue lose its supply of fat ? To answer this question it is necessary to see what becomes of the chloroform during and after its administration. Chloroform, as we know, is absorbed in the lungs by the blood and conveyed to the organs ? The red corpuscles, on account of their greater percentage of lecithin, chiefly. serve to transmit the chloroform. The proportion of chloroform in the serum to that contained in the fibrin is in the ratio of 5 to 1. The organs absorb chloroform in proportion to the quantity of fat or fatty substances which they contain. Thus Nicloux and Tissot found the greatest percentage in the fat of the abdomen, and then in the brain and spinal marrow. The fatty tissues of the abdomen, which are rich in blood, often contain four and five times as much as the nervous tissues; twenty times as much as the muscles. After narcosis the tissues gradually work off the narcotic; for venous blood contains during the first hours after narcosis a greater quantity of chloroform than arterial. I myself registered, after three hours, the following percentages in the different organs:- .. These figures prove that the percentage of chloroform is not released under the same conditions from the fatty tissues as from the other tissues. When chloroform is absorbed in the organs by lipoid bodies such as lecithin the red corpuscles easily remove it. It is evident, then, that the chances are less favourable for the fatty tissues. Nevertheless we find that, twelve or twenty-four hours later, chloroform, except for a few milligrammes, has disappeared from the fat of the abdomen.
Since at the same time the fat adds substance to the blood, there must be a close connexion between these two facts, and the chloroform which has disappeared will reappear in the fat drops absorbed by the blood.
At this juncture we also find that the blood fibrin is entirely free from chloroform, while the strongly opalescent serum contains a clearly visible quantity. As we have already mentioned, the fat distributed by the fatty tissues reappears in the parenchyma of the liver. It is clear that this fat, laden with chloroform, is no great gain to the liver cells, and we think that this affords an explanation of the fact fhat the liver cells are in a stage of degeneration proportionate to the amount of fat they contain. In one word, we are inclined to think that the aftereffects of chloroform should be considered as an acute affection of the liver consequent upon its absorbing the chloroform-laden fatty substances from the blood.
One final observation, on prophylaxis and therapeutics. The propositions advanced so far rest chiefly on theoretical grounds. Those who sought for the cause of these ill-effects in the pathological condition of the kidneys naturally applied the clinical remedies in common use in diseases of those organs. If, on the other hand, it was assumed, with Waldvogel, that the cause was acid poisoning, as a preventive measure fats were excluded from the diet, and the alkalescence of the blood artificially increased by giving alkalis. Beddard, Wallace and Gillespie further recommended carbohydrates to prevent acetonuria. But it is difficult to say how far all these prescriptions guard against this far from imaginary danger of subsequent chloroform poisoning.
If our theory of the disease, its nature, and development proves to be the true explanation of its symptoms, there is little hope of applying, with any success, either prophylaxis or therapeutics. A diet into which no fat enters, and avoidance of all purgatives, of the nature of oily substances, may help as precautionary measures. As for the treatment itself; if cholagogues not only help to carry off the bile, but cause an abundant discharge of fat from the liver, their application might remove from that organ some of the injurious element. But will this method of treatment lessen the danger of chloroform ? Only a deeper knowledge of physiology, pharmacology and pharmacodynamics can give a decisive answer.
